Background: Simple transposition of the great arteries (TGA) is a cyanotic critical congeni-
INTRODuCTION
Simple transposition of the great arteries (TGA) is a cyanotic critical congenital heart defect (CHD), representing a neonatal cardiovascular emergency that requires surgery early after birth. It accounts for about 5-7% of all CHDs, with a preponderance of male patients. 1 The causes of CHD have been widely studied, being genetic, epigenetic, and environmental. [2] [3] [4] [5] [6] [7] Different mutations in the Nodal signaling pathway have been reported in TGA.
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Simple TGA is characterized by ventriculo-arterial discordance, namely the right ventricle gives rise to the aorta, and the left ventricle to the pulmonary artery. The interventricular septum is usually intact; however, a small ventricular septal defect (VSD) can occur, but with no hemodynamic significance. Consequently, two parallel circulations result, which could be fatal in the absence of an adequate mixing between them. In TGA patients, an intravenous infusion of PGE1 is recommended after birth.
At the same time, in case of inadequate mixing between the systemic and pulmonary circulations, with persistent hypoxia and metabolic acidosis, creating an unrestrictive interatrial communication until the arterial switch operation is mandatory. 11, 12 Balloon atrial septostomy (BAS) with echocardiographic guidance, performed at the bedside, is the method of choice to enlarge the interatrial communication in neonates with TGA. 13, 14 Severe cyanosis is the clinical sign of poor mixing.
Thus, oxygen saturation is a useful parameter to raise the suspicion of TGA and to identify cases that need septostomy.
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Echocardiography is an essential diagnostic tool, which, besides establishing the diagnosis of TGA, allows accurate assessment of the sites of mixing and of interatrial communication, as well as the presence of ductus arteriosus, heart chamber sizes, the direction of the shunts etc.
11,19,20
The aim of the present study was to identify the most important echocardiographic parameters that can predict the need for BAS in children with TGA.
MATERIAL AND METHODS

Study population and grouping
This retrospective study was performed by reviewing the echocardiographic records of neonates with TGA presented at the emergency room of our Pediatric Cardiology
Clinic during a 6-year period, between 2012 and 2017. The inclusion criteria were: children with simple TGA or TGA associated with a tiny VSD, aged between 0 and 28 days.
All neonates with complex TGA were excluded from the present study.
The study group consisted in 37 neonates diagnosed with simple TGA. We split the study group into two groups: group 1 -TGA patients with poor mixing, who required atrial septostomy; group 2 -patients without septostomy.
Echocardiographic imagE data
The data were obtained by reviewing the echocardiographic images of TGA patients. In patients who required BAS, the last echocardiographic acquisition just before the atrial septostomy was reviewed. We measured the The study procedures were performed in accordance with the declaration of Helsinki and the study was approved by the local Ethics Committee of the hospital.
StatiStical analySiS
Statistical analysis was performed using SPSS version 20 between two groups were analyzed using the t-test or
Fisher's exact test when appropriate. Multivariate analysis was carried out using logistic regressions. We used the need for BAS as dependent variable. The covariates were the mean interatrial pressure gradient, ASD diameter/(LA:RA ratio) and ASD peak gradient/ASD diameter.
Receiver-operating characteristic curves were constructed, and areas under curve were calculated. Sensitivities and specificities were determined for the ability to identify cases that need septostomy. A p-value of <0.05 was considered statistically significant, and all p values were two-tailed.
RESuLTS
dEmographic data
Thirty-seven consecutive neonates with simple TGA or TGA associated with a small, hemodynamically nonsignificant VSD were studied. The patients were divided into two groups according to their evolution: patients who needed BAS (n = 21) and those without need for BAS (n = 16). The main characteristics of the study groups are presented in Table 1 . There was no significant difference regarding gestational age (GA), body weight, or the presence of a small VSD between the two groups (p = 0.8, p = 0.6, and p = 0.206, respectively). There was a predominance of male newborns in the studied population (n = 29/37, 78.37%), however without any difference between the two groups (p = 1). Oxygen saturation was significantly lower in the group that needed BAS, compared to the one without BAS, as a clinical marker of poor mixing between the systemic and pulmonary circulation (65.71 ± 9.97 vs. 
Echocardiographic data
The echocardiographic parameters recorded in the two groups are presented in Table 2 . We found that the ASD size was significantly lower and peak interatrial pressure gradient, mean interatrial pressure gradient, and ratio between LA/RA were significantly higher in TGA patients with BAS, compared with those without BAS.
We also calculated two new parameters: ASD peak gradient/ASD diameter and ASD diameter/(LA:RA ratio), and found that ASD peak gradient/ASD diameter was significantly higher, but ASD diameter/(LA:RA ratio) was significantly lower in the group that required BAS compared with the group without BAS.
There was no difference between the groups regarding the other studied echocardiographic parameters.
prEdictivE valuE of Echocardiography
We performed a multivariable logistic regression analysis, considering the BAS requirement as dependent variable and the mean interatrial pressure gradient, ASD diameter/ (LA:RA ratio) and ASD peak gradient/ASD diameter as co-
variates. After checking for these covariates, multivariate
analysis showed that ASD diameter/(LA:RA ratio) was an independent predictor of the need for BAS (Table 3) .
ROC analysis identified a cut-off value of 2.58 for the ASD diameter/(LA:RA ratio) as being associated with the highest predictive power for BAS requirement (Figure 1 ).
DISCuSSION
tga -a nEonatal EmErgEncy
TGA is a cyanotic CHD that represents a neonatal cardiac emergency and requires urgent initiation of proper treatment, early after birth. Currently, it is recommended that in cases diagnosed during the fetal period, the delivery should take place at or near a tertiary-care pediatric cardiac surgery center. 11 The most severe forms presented in emergency settings are newborns with inadequate intercirculatory mixing. In these patients, beside the PGE1 infusion, creation of an unrestrictive interatrial communication by BAS is mandatory.
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Echocardiography in critical chd
Echocardiography is the gold standard in the diagnosis of critical CHD in newborns, as well as in the postoperative follow-up of these cases. [20] [21] [22] [23] [24] Furthermore, there are sev- eral studies that emphasize the role of echocardiography in decision-making in different critical CHDs in newborns.
Some new compound echocardiographic parameters have been described in other pediatric cardiology pathology.
For instance, the carotid-subclavian index, 22, 25, 26 the isthmus/ductus ratio 27 or a combination between ventricular disproportion, aortic and ductal isthmus measurements can help to better characterize aortic coarctation in newborns and fetuses. 28, 29 In pulmonary atresia with intact ventricular septum, a critical CHD with ductal-dependent pulmonary circulation, the tricuspid valve z score, and the right to left ventricular ratios were described as predictors of outcome in fetuses and neonates as well.
21,30-32
Echocardiography in BaS pErformancE dEciSion-making
The echocardiographic assessment of the interatrial communication in critical CHDs is extremely important. A restrictive ASD can be fatal in these defects, and a BAS can clusive, being influenced by the degree of the pulmonary blood flow. 33 Regarding the ASD size, some authors consider that a color jet of 3 mm or less across the interatrial septum can define a severely restrictive interatrial communication. 34 According to others, an ASD is restrictive when there is a pressure gradient between the left and the right atria, and the size indexed to the body surface area is less than 6 mm. 35 Kuhn et al. considered that a foramen ovale is restrictive if the greatest diameter is <4 mm and the peak velocity is >2 m/s. 36 Although the decision on performing BAS in TGA patients relies mainly on clinical outcomes, echocardiography is able to add valuable information. In our study, we found that some echocardiographic parameters can predict the need for BAS in newborns with TGA. Besides the known parameters, such as ASD size, peak interatrial pressure gradient, or mean interatrial pressure gradient, in the present study we have described three other composed parameters: the LA/RA ratio, ASD diameter/(LA:RA ratio), and ASD peak gradient/ASD diameter, which were significantly modified in the TGA group with BAS compared to that without BAS. As the pulmonary effective blood flow in TGA is dependent on the size of DA, and in our study there was no significant difference regarding the DA size between the two groups, we considered that the pulmonary blood flow was comparable in our patients.
Furthermore, our results show that ASD diameter/ (LA:RA ratio) with a cut-off value of 2.58 is the best predictor of inadequate mixing and BAS requirement in simple TGA patients. To thte best of our knowledge, this is the first study that describes the above mentioned echocardiographic parameters in TGA children.
Study limitS
Firstly, this is a retrospective study, and measurements were made offline on echocardiographic recordings. Secondly, the study group was relatively small, thus the results of our study have to be validated in future studies.
CONCLuSION
ASD diameter/(LA/RA ratio) is an echocardiographic parameter that can provide supplementary information regarding adequate mixing and BAS requirement in neonates with TGA.
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